INTRODUCTION
Filaggrin is a key protein involved in the terminal differentiation of the epidermis and formation of skin barrier. The filaggrin gene (FLG) is located on human chromosome 1q21.3. It encodes the polyprotein profilaggrin, which is consisted of 10∼12 tandemly repeated filaggrin subunits 1, 2 . The aforementioned repeat number polymorphism is rarely found in other genes -a unique phenomenon in FLG. Of the 10 FLG repeat units, the eighth and tenth may possess one more repeat unit with similar base sequence, in contrast to the other repeat units, resulting 10, 11, or 12 repeat unit variants in FLG 3 .
Skin diseases that are attributable to the functional defects of FLG include ichthyosis vulgaris (IV; Online Mendelian Inheritance in Man (OMIM) #146700). It has long been known that IV patients have significantly reduced granular layer according to hematoxylin-eosin (H&E) staining of the patient tissue specimens. Such decrease in granular layer is due to decrease in keratohyaline granule, a key component of the granular layer. At the same time, immunohistological stain revealed reduced expression of filaggrin 4 .
Recently, efficient method to determine the base sequence of FLG has been developed, and some patients with IV were found to have loss-of-function mutation in FLG, indicating that FLG abnormality is involved in the pathogenesis of IV 5 . Based on the fact that FLG plays an important role as a skin-barrier, studies have been extended to patients with atopic dermatitis (AD), and FLG mutation was found in some cases of AD 6 . In addition, several studies based on European population suggested that FLG null mutations (R501X and 2282del4) predispose to other atopic disorders (asthma and allergic rhinitis). These mutations also predispose to atopic march 7 , early- To date, a genetic study on Korean patient was conducted that included only one subject, and the patient was demonstrated to have 3321delA, a mutation that commonly occurs in Asians 16 . The aim of this study was to investigate genetic polymorphisms, including FLG mutation, in Korean IV patients.
MATERIALS AND METHODS

Study population
Blood samples were obtained from 7 patients with IV (＜60 years of age) from independent Korean families. The diagnosis of IV was performed clinically by experienced dermatologists on the basis of clinical manifestation. Autosomal dominant pattern of inheritance was confirmed by careful history taking. The normal control group was consisted of 13 subjects who neither experienced IV nor AD. This study was approved by the Institutional Review Board of the Chung-Ang university hospital, and written informed consent was obtained from each participant prior to study entry.
Filaggrin genotyping
Polymerase chain reaction (PCR) and sequencing analysis was performed using a protocol described in a previous study 17 with some modifications. Briefly, genomic DNA from IV patients was extracted from peripheral blood samples using the G-DEX TM Genomic DNA Extraction Kit (iNtRON Biotechnology, Sungnam, South Korea). The purity of their DNA was determined using a Nanodrop ND-1000R spectrophotometer (Thermo Fisher Scientific, Wilminton, DE, USA). DNA with an optical-density ratio Table 2 . Primers for sequencing reaction
Exon region Primer pairs 
RESULTS
This study was performed to determine genetic diversity (including mutation) of FLG in Korean IV patients. For the exon 1 and 2 regions, the obtained sequences were compared to the reference sequence, but no meaningful result was found. The extremely large size of exon 3, in which most of the reported mutations were found, was challenging for PCR-based sequencing method. Thus the exon 3 region was divided into 9 overlapping fragments, and PCR and sequencing analysis were carried out. Of the IV patients participated in this study, one patients had a personal and family history of AD and allergic asthma. After the full sequencing, nonsense mutation p.Y1767X (=c.5301C＞G), which had never been reported in literature for IV or AD patients, was found. Later, it was revealed that his father, who had concomitant AD and asthma, carried the same mutation, in contrast to his mother who did not experience IV or AD (Fig. 1) .
In patients from the other families, additional mutations were not found. However, 81 single nucleotide polymorphisms (SNPs) were found, more than that in the reference sequence of FLG (NG_016190.RefSeqGene). Out of 81 SNPs, 30 SNPs were new and had never been reported ( Table 3 ). The pattern of genetic polymorphism (including repeat number polymorphism) shown by the 7 patients with IV, and by the 13 subjects in the normal control group, were compared. The chi-square test of the alleles showed no significant difference (data not shown).
DISCUSSION
After the full sequencing of FLGs in Korean IV patients and normal control, a unique diversity of the FLG gene is confirmed to exist in the Koreans. Nonsense mutation, p.Y1767X, which had never been reported, was found, and numerous SNPs that are not in the registry were observed. In some SNPs (e.g., 7th base (A＞G), 310th base (C＞T) of repeat 10.2, i.e. repeat after repeat 10), a homozygote of a minor allele was found in all of the subjects. This is considered to be attributable to the fact that the reference base sequence (NG_016190.1) of FLG was obtained from European populations. This justifies the necessity for the reference sequence for the Korean population.
FLG is a histidine-rich cation protein that is produced in the proteolytic degradation of profilaggrin, a large protein mass with a significant molecular weight comprised of keratohyaline granule, which exists in keratinocyte of granular layer 15 . In IV patients, keratohyaline granule considerably decreases or disappears, and filaggrin also decreases 5, 10 . Filaggrin, via degradation, changes into molecules that contain urocanic acid (UCA) and pyrrolidone carboxylic acid, which block ultraviolet rays and moisturize the keratin layer 15, 17 .
R501X and 2282del4 -mutations in the FLG genes -were first found in pediatric patients with IV who skin barrier showed abnormal functioning 18 . Among patients harbored either one of the two mutations, 44% of their family members have had AD, whereas among patients harbored both mutations, 76% of their family members have had AD. Among patients without any of the two mutations, no family member had AD 6 . A previous study showed that mutation in the FLG gene was correlated with AD of onset before the age of 2. Other studies indicate that mutations in the FLG gene that cause functional abnormality are markers of poor prognosis, and predictive that AD in an infant may manifest into adulthood 19 . In addition, it was also shown that the two mutations (R501X and 2282del4) that cause functional abnormalities are significantly correlated to AD (p=0.0001), asthma (p=0.006), and atopic allergy (p=0.002) 12, 20 . Consistent with the above literature review, we could find nonsense mutation only in IV patients with concomitant personal history of AD and family history of atopic disease. This result is consistent with the previous finding for a Korean IV patient, who also experienced concomitant AD 11 . We found relatively lower frequency of FLG nonsense mutation in this study. One out of 7 IV patients, compared to European (ca. 50%) and other Asian populations (ca. 20%) 10 . We think that IV patients with personal or family history of AD should undergo investigations for FLG nonsense mutation. The focus of previous studies was on the detection of FLG mutation in patients with IV or AD. Interestingly, however, in most of the AD patients and in a considerably large number of IV patients, loss-of-function FLG mutation did not exist. Meanwhile, reduced expression of FLG was observed in AD patients in whom such mutation was not observed 21 . Previous studies reported that mediators, such as sphigosylphosphorulcholine, which is involved in the inflammatory reaction of the skin, or Th2 cytokine, which is associated with pathophysiology of AD, reduced the expression of FLG 22 . This means that another mechanism other than FLG nonsense mutation is involved in the pathogenesis of IV or AD. Given the study finding that repeat number polymorphism can be associated with xeroderma 23 , we conjectured FLG length polymorphism could be an alternative explanation for most cases of IV that cannot be explalind by mutation. However, after we compared the frequency of repeat number variants between IV patients and the control group, no significant difference can not be found in the repeat number polymorphism. As for other SNPs, we could not find significant difference between IV patients and the control group. We think the so called "filaggrin-processing" (proteolytic degradation of progilaggrin to filaggrin finally leading to NMF or UCA) is another candidate to be investigated for the large portion of IV or AD patients not attributable to FLG mutations. In summary, we established FLG full sequencing protocols applicable to the Korean population and established the Korean reference sequence for FLG. Applying these methods, we revealed previously unknown mutation in Korean IV patients and their family members. Although we could not find additional mutation or SNPs specific for Korean IV patients, we confirmed the fact that FLG nonsense mutation is likely to be found in patients with personal or family history of IV, AD, or other respiratory atopy. In the future, we hope to extend this study to Korean patients with AD, and compare the genetic diversity of FLG with other ethnic groups.
